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Walker-Smith, Kathleen P., M.S., July 1995 Wildlife Biology
Environmental and Biological Factors Limiting Reproduction, Recruitment and Growth 
of Largemouth Bass in Seeley and Echo Lakes, M oç|^a (113 pp.)
Director: Dr. Andrew L. Sheldon
Factors limiting reproduction, recruitment and growth of largemouth bass 
(Micropterus salmoides) were assessed in two western Montana lakes, (Seeley and 
Echo Lakes).
Methods utilized included thermograph and staff gauge monitoring, ertical profiles of 
thermal and chemical characteristics, visual nest counts, shoreline seining , 
electrofishing, S.C.U.B.A and snorkel techniques.
Bass in Echo Lake spawned 14 May 1991 and 10 May 1992; lower water 
temperatures delayed Seeley bass spawning until 28 June 1991 and 5 June 1992. 
Optimal growth temperatures (27° C) for age 0 largemouth bass were not reached in 
either lake during 1991 and 1992 growing seasons. Echo Lake had statistically 
significantly more available growth degree days in both 1991 and 1992 than Seeley 
Lake.
Young of the year largemouth bass were significantly smaller in Seeley Lake when 
compared with Echo Lake for both 1991 and 1992 (M-W, P-0.01). Seeley lake mean 
lengths of age 0 bass at the end of the growing season were 47 mm in 1991 and 1992, 
and Echo young of the year bass averaged 71 mm in 1991 and 60 mm in 1992. Length 
frequency plots indicated disruptive spawning periods and bimodal length frequencies 
in both populations.
Littoral habitat use indicated larger populations and more use of existing habitat in 
the Echo Lake population when compared to density estimates of the Seeley Lake 
population. Ac^usted density estimates were significantly different for combined habitat 
types, vegetation use and woody debris use (t-test, P=0.01). Dock use was similar 
between lakes with the largest size class bass fully occupying existing habitat in both 
lakes. Significant differences in use of habitat types by size classes indicated that 
larger size class bass (>251 mm) preferred dock and woody debris habitat, 0-250 mm 
sizes preferred vegetation.
Echo Lake had significantly different size class distributions and population estimates 
of largemouth bass than Seeley Lake for both 1991 and 1992 (chi square, p=0.0005). 
Seeley Lake population is skewed toward the smallest and the largest size classes with 
missing age classes, an indication of limited recruitment.
Artificial structure use was low for both lakes.
Neither Seeley or Echo Lake maintain optimal conditions for largemouth bass, 
however Echo Lake has more available growth days and appears to support successful 
recruitment and overwintering of age 0 fish.
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INTRODUCTION
Context of the Study
The popularity of largemouth bass (Micropterits salmoides) among anglers 
and biologists as a major predator and sport fish encouraged the introduction of 
this species outside its native range and increased the demand for viable and 
trophy populations (Carlander 1977). Some consider largemouth bass one of the 
nation's most sought after gamefish (Robbins and MacCrimmon 1984). While that 
may not be true in western Montana, there has been increasing pressure on the 
management agencies (Montana Department of Fish, Wildlife and Parks and Lolo 
National Forest) for improved largemouth bass fisheries. The formation of 
organized bass clubs and associated derby tournaments are an indication of the 
growing popularity and the increased demands on the available fisheries. Little is 
known about bass populations in western Montana where traditional management 
has focused on salmonids and large stream environmental problems associated 
with trout population dynamics. Bass clubs and management agencies have 
continued to focus time and energy on the introduction of artificial habitat. 
However the frequency and extent o f artificial and natural structure use has never 
been examined in western Montana lakes. Fisheries biologists cannot adequately 
address public interest in the advancement of bass populations without site specific 
understanding o f limiting factors and the identification of effective enhancement
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
measures. In western Montana, public pressure for improved bass fisheries has 
focused on Seeley Lake and thus prompted a need to examine the environmental, 
physical and biological limiting factors of that fishery.
To better understand the possible problems associated with the Seeley Lake 
fishery, a second western Montana lake was chosen for comparison. Echo Lake 
has a high quality bass fishery and considered a realistic counterpart to contrast 
environmental factors o f the lakes as well as the resulting reproductive success, 
recruitment and growth rates of largemouth bass in those systems. An assessment 
of limiting factors o f these lakes will enable biologists to explore realistic 
management goals.
The objectives of the study were to: 1) compare and contrast environmental 
characteristics of Seeley and Echo Lakes and the resulting biological components 
o f the largemouth bass populations, thus 2) determine the factors limiting 
recruitment for age 0 largemouth bass in Seeley and Echo Lakes, and 3) determine 
the extent of largemouth bass utilization of artificial and natural cover present in 
Seeley and Echo Lakes.
Environm ental Influences on the Distribution and Biology of Largemouth 
Bass
Largemouth bass originally ranged east of the Rocky Mountains fi'om 
southern Quebec and Ontario through the Great Lakes and Mississippi Valley to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the Gulf o f Mexico and from northeastern Mexico to Florida and north to the 
Carolinas (Carlander 1977, Robbins and MacCrimmon 1984). Largemouth bass 
were introduced into Seeley Lake from 1928-1936 and in Echo Lake from 1928- 
1939 (Montana Department of Fish, Wildlife and Parks Stocking Records). These 
populations are in the northern portion of the species current range and prior to and 
during the years of this study, had not been supplemented since those series of 
original introductions. The existing bass fisheries are a result of sustained 
reproduction within those systems. However, the current status of largemouth 
bass populations in the two lakes are very different. Seeley Lake maintains a small 
and slow growing population. While the Echo Lake population continues to 
produce viable year classes.
Reproduction, growth and recruitment of largemouth bass may be limited 
by climatic and physical factors. These variables include air and water 
temperatures (Carlander 1977, Coûtant 1975, Kramer and Smith 1960), length of 
growing season and subsequent winter duration (Aggus and Elliot 1975, Bennett 
1937, Hightower et al. 1982, Shelton et al. 1979), and habitat availability and 
quality (Aggus and Elliot 1975, Miraldo and MacCrimmon 1981, Miranda et al. 
1984).
Previous studies have shown that largemouth bass growth rates are 
dependent on air and water temperatures because of their influence on both the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
time o f spawning, incubation and emergence, and the resulting length of the 
growing season (Kramer and Smith 1960, McCauley and Kilgour 1990, Miller and 
Storck 1984). Kramer and Smith (1962) found that a population of largemouth 
bass in Minnesota initiated spawning approximately 2-5 days after water 
temperatures exceeded 15.5“ C. Additional studies of northern populations have 
documented spawning at water temperatures of 11.5“- 29“ C, with most activity 
occurring between 16“- 22“ C (Badenhuizen 1969, Carlander 1977, Coûtant 1975, 
Coûtant 1977, Miller and Kramer 1971, Mraz 1964). In colder climates, this may 
push the initiation of spawning as late as July, leaving fewer available days for 
growth of young of the year.
Cold water temperatures also increase incubation periods thus prolonging 
egg exposure and decreasing nesting success. Incubation periods can range from 
55 hours at 18.3“ C to 317 hours at 10“ C (Baudenhuizen 1969, Merriner 1971).
Sudden fluctuations and reductions in water temperatures may also 
decrease reproductive success by interrupting spawning, delaying emergence time, 
reducing the length o f growing season or adversely affect nesting success by 
causing a guarding male to abandon the nest and exposing the eggs to increased 
predation, fungus invasion, siltation and suffocation (Coûtant 1975, Kramer and 
Smith 1962). Allan and Romero (1975) found that after spawning was initiated, 
sudden drops in water temperatures of 0.8“-1 .2 “ C caused nest abandonment.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Summerfelt (1975) indicated that decreasing water temperatures during the 
spawning season could result in disjunct spawning and thus produce several size 
classes of young o f the year.
Male bass guard the nests until emergence. In optimal conditions, fiy leave 
the nest 5-8 days after hatching. Fry survival is also dependant on the water 
temperatures present during the first few weeks of life. Strawn (1961) found that 
when eggs hatched at 15° C, fry did not feed, and if temperatures remained low 
after yolk sac absorption, fry died o f starvation. To survive, fiy must feed within 6 
days of becoming free-swimming and optimal survival occurs when incubation 
temperatures are 20° C (Badenhuizen 1969, Heidinger 1975, Kelley 1968, 
Laurence 1971, Swallow 1968). Kramer and Smith (1960) found a significant 
correlation between sac-fiy growth and mean water temperatures. Since young 
bass are absorbing the yolk sac during this period and are not able to leave the 
nest, temperatures influence the rate of metabolism and therefore the rate of 
growth. Preferred water temperatures for young of the year growth range from 
24°- 32° C, with optimal growth occurring at 27.5° C (Coûtant 1975, Coûtant and 
DeAngelis 1983, Strawn 1961).
The male continues to guard the brood until dispersal, approximately 26-31 
days after hatching (Kramer and Smith 1962). Predation on the fiy increases 
dramatically if the male is removed from the brood before dispersal. Because the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
strength o f the year class may be dependant on survival during the first few weeks 
of life, management guidelines that allow the removal of bass during spawning and 
brood periods could have significant effects on the year class survival (Heidinger 
1975).
Length of first growing season and subsequent winter duration have been 
linked directly to overwinter mortality and low recruitment in largemouth bass 
populations (Aggus and Elliot 1975, Toneys 1977). Length of largemouth bass 
growing season is defined as the number o f days greater than 10“ C following fiy 
emergence. In northern latitudes late spawning prevents young of the year fish 
firom achieving a large enough size to survive through the winter (Bowles 1985, 
Miller and Storck 1984, Miranda and Hubbard 1994). Size selective mortality 
occurs when smaller individuals exhaust stored energy earlier and subsequently are 
more subject to overwinter starvation than larger individuals (Johnson and Evans 
1990, Oliver et al. 1979, Post and Evans 1989, Toneys 1977, Toneys and Coble 
1979). When water temperatures drop below 10“ C and metabolic rates and food 
consumption slow, growth essentially stops for the season (Adams et al 1982, 
Coûtant 1975, Johnson and Charlton 1960, Keast 1968, Markus 1932, McCauley 
and Kilgour 1990, Swingle 1949). At this point the fish must depend on stored 
reserves to carry it through the winter. In northern populations if those age 0 fish 
have not attained enough reserves before the water temperatures drop and the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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number of days below 10“ C is great, potential for overwinter mortality for that 
age class is high.
The importance o f body size and winter duration on winter survival and 
recruitment in northern populations has been shown for largemouth bass (Bowles 
1985, Toneys 1977, Toneys and Coble 1979), smallmouth bass (Oliver et al. 1979, 
Shuter et al. 1980), bluegill (Toneys and Coble 1979), white perch (Johnson and 
Evans 1990), yellow perch (Post and Evans 1989, Post and Prankevicius 1987), 
and brook trout (Hunt 1969).
Ricker (1975) defines recruitment as the "addition of new fish to the 
vulnerable population by growth among smaller size categories." Size differences 
and bimodal growth created by early or interrupted spawning and recruitment of 
the first year fishes can continue throughout bass life histories by promoting those 
"jumpers" with a competitive advantage over their cohorts (Bennett 1937, 
DeAngelis and Coûtant 1982, Goodgame and Miranda 1993, Gutreuter and 
Anderson 1985, Isley and Noble 1987, Keast and Eadie 1984, Miller and Storck 
1984, Miranda and Hubbard 1994, Shirley 1975). Advantages for larger cohorts 
include cannibalism o f smaller cohorts, lower susceptibility to predation, and faster 
maturation to sexually reproductive ages (Coûtant and DeAngelis 1983).
In some cases this growth depensation (divergence in size over time among 
individuals in the same age class) may be a function of diet. The sooner an age 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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largemouth bass makes the switch to a piscivorous diet, the greater the rate of 
growth in that first summer (Bennett 1937, Keast and Eadie 1985, Miranda and 
Muncy 1987, Timmons et al 1980). Young o f the year bass switch from the 
zooplankton diet to a partial fish diet at approximately 40-50 mm where they have 
been observed ingesting 24-30 mm size fish. Bass then become primarily 
piscivorous at 75-100 mm (Scott and Crossman 1973). Prey sizes available to age 
0 "jumpers" are young o f the year of other species, bass produced from later 
spawning, or cohorts that maintain a slower growth rate. If  temperature delays 
spawning, increases incubation time and delays emergence, there may be fewer 
young of the year available to make this transition to piscivory soon enough to 
maintain an adequate growth rate and produce a successful year class. Keast and 
Eadie (1984) found that spawning date had the greatest influence on the amount of 
growth attained, with offspring o f early spawners achieving a greater mean length 
and weight than offspring o f late spawners in an Ontario largemouth bass 
population. Largemouth bass that hatch earlier can maintain a higher level of 
piscivory late in the growing season, thus maintaining a competitive advantage if 
seasonal decreases in prey fish availability occur (Phillips et al. 1985).
Water temperatures can also influence mortality rates of young of the year 
fish at the end of the season. Sudden drops in autumn water temperatures may 
push largemouth bass into deeper water where mortality of age 0 fish is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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accelerated by increased exposure to predation with the greatest effect on the 
smallest young. The smallest age 0 fish can be prey to smaller predators, including 
their larger cohorts. Smaller fish may also be weaker due to a faster utilization of 
stored energy reserves (Miranda and Hubbard 1994).
Maturation rates in largemouth bass populations may also be affected by 
temperature. In southern populations female bass can mature in 1-3 years and at 
sizes as small as 250 mm (Carlander 1977, Heidinger 1975, Timmons et al. 1981). 
However, in northern populations, female bass become reproductively mature at 
approximately 300-320 mm and it may take up to 6 years to attain this size 
(Bennett et al. 1991, Keast 1984, Reiman 1983). Late maturation can result in 
fewer spawning adults, thus increasing the importance of successful recruitment. 
Miranda and Muncy (1987) modeled recruitment of young of the year in relation 
to parental stock and simulations indicated that larger fish attained a higher 
maturity index and spawned first thus producing the strongest portion of the year 
class.
Vegetation and available structural cover can also influence the success of a 
population. Structural complexity influences feeding efficiency and growth of 
predatory fishes as well as distribution of their prey (Crowder and Cooper 1979) 
Maraldo and MacCrimmon (1981) found a direct correlation between population 
productivity of largemouth bass and available shoreline vegetation. Littoral zones
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
provide cover for spawning, protection from predation, increased forage 
availability and warmer temperatures for increased growth. The ability to 
sustain largemouth bass populations in northern climates may depend on the 
extent o f warm littoral areas and abundance of macrophytes. Previous studies 
demonstrated positive relationships between largemouth bass year class 
abundance and the presence of littoral zone aquatic plants (Bettoli et al. 1992, 
Durocher et al. 1984, Moxley and Langford 1985, Wiley et al. 1984).
In rehabilitated lakes, a popular way of increasing cover is through the 
installation of artificial structures. The structures provide sites for spawning, 
resting, refuge, concealment, feeding and ambushing prey (Prince and Maughan 
1979). Ponds with artificial structures have increased growth in adult bass and 
reduced predation on juvenile fish when compared to control ponds with no 
added structures. The shelters may have facilitated prey capture and reduced 
physical foraging activity thus promoting increased growth (Wege and Anderson 
1979).
Study Site Descriptions 
Seeley Lake
Seeley Lake is located 52.0 air km (32 miles) northeast of Missoula, 
Montana at 47° 10’-47° 13’ north latitude, 113° 28’-113° 31’ west longitude at 
an elevation of 1217m (3993 ft) above sea level (Figure 1). The lake has a total
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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area of 349.6 hectares (863.1 acres) with a shoreline length of approximately 21 
km (13 miles). The maximum depth is 36.6 m (120 ft) with a mean depth o f 18.3 
m (59.9 ft) (Cladouhous 1971, Figure 2). The main inlet and outlet for the lake is 
the Clearwater River with several small tributaries also feeding into the lake. Most 
input occurs during spring runoff.
Climate in the Seeley Lake area consists of short growing seasons with the 
average annual air temperature of 5" C and average annual precipitation of 
approximately 56 cm (22 in). Seeley Lake generally has ice-cover from late 
November until late April (Cladouhos 1971). Largemouth bass summer growing 
season surface water temperatures in Seeley Lake range from 10°- 24° C. The 
number o f water degree days greater than 0° C, 10° C, 20° C were 2192, 727,2 
respectively in 1991 and 2517, 742, 0.2 respectively in 1992 (this thesis).
Aquatic vegetation consists of numerous species of Potamogetonaceae, 
Haloragidaceae, Juncaceae, Hydrocharitaceae and Nymphaeaceae.
From 1983 to 1991, the Lolo National Forest and local Bass Masters clubs 
installed approximately 76 artificial structures in Seeley Lake. These included 42 
pallet/christmas tree structures, 24 log crib/christmas tree structures and 10 
floating log structures. Submerged structures are at depths of 1.5 to 6 m (5-20 ft).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Echo Lake
Echo Lake is located approximately 29.0 air km (18 miles) southeast of 
Kalispell, Montana at 48° 6 ’ - 48° 8’ north latitude, 114° 2 ’ - 114° 4 ’ west 
longitude at an elevation of 917.5 m (3010 ft) above sea level (Figure 1). The 
maximum depth of the lake is 23.5 m (77 ft) with a mean depth of 5.5 m (18 ft), 
an area o f 292 hectares (721 acres) and 25 km (2.3 miles) of shoreline (Figure 3, 
Super 1988). This shoreline estimate includes island shoreline of 3.8 km (2.4 
miles). The inlets for the lake are Echo and Krause Creeks that provide input 
during high water periods. Most of the inflow comes fi’om underground springs. 
During low flow, there are no streams exiting the lake.
Climate of the Echo Lake area consists of mean annual air temperatures of 
6.3 °C and average annual precipitation of 50 cm (19.7 inches) (Northwestern 
Agricultural Research Center). Ice cover occurs from approximately December 
to March.
Surface water temperatures during growing seasons range from 10-27° C. 
The number of water degree days greater than 0° C, 10° C, 20° C were 3145, 
1469, 191 respectively in 1991 and 2916, 1390, 182 respectively in 1992 (this 
thesis).
Aquatic vegetation consists of genera in the Potamogetonaceae, 
Haloragidaceae, Folygonumaceae and Hydrocharitaceae.
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In cooperation with Montana Department of Fish, Wildlife and Parks , local 
Bass Masters clubs have installed approximately 58 artificial structures in Echo 
Lake from 1989 and 1993. Structure types consist of 55 Christmas tree bundles 
and 3 log cribs. Submerged structures are at depths of 1.5 to 4.5 m (5-15 ft).
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Table 1. Environmental and physical characteristics of Seeley and Echo Lakes.
Lake Characteristics Seeley Lake Echo Lake
Elevation (m) 1217 917.5.
Area (Hectares) 349.6 292.0
Shoreline (km) 21 25
Max Depth (m) 36.6 23.5
Mean Depth (m) 18.3 5.5
Maximum Surface Temp. (°C) 24 27
(1991,1992)
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ECHO LAKE
SEELEY LAKE
Figure 1. Location o f Seeley and Echo Lakes, Montana.
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Figure 2. Bathymetric map of Seeley Lake, Montana (feet).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
î
Q
Figure 3. Bathymetric map of Echo Lake, Montana (feet).
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METHODS
Statistics
SPSS PC+ and Statgraphics software packages were utilized for all 
statistical computations. Differences were considered significant if  P < 0.05 (*) 
and P <  0.01 (**).
Temperature
In early spring of 1991 and 1992, continuous recording Taylor 
thermographs were set in both Seeley and Echo Lakes to monitor littoral zone 
water temperatures during the largemouth bass growing season. The thermographs 
were either triple or single probe models. The three probe thermograph had 
continuous readings for probes located one foot above the lake bottom, mid profile 
and just below the water surface. The single probe thermograph recorded 
temperatures for one probe located just below the waters surface.
Seeley Lake thermographs were placed in two locations in 1991 and 1992 
(Figure 4). A triple probe thermograph was located adjacent to the Seeley Lake 
Ranger Station on the north end o f the lake. The second thermograph, a single 
probe, was placed adjacent to a private dock on the south end of the lake. In 1992 
a third single probe thermograph was installed in the lakes outlet (Clearwater 
River).
18
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Echo Lake had one three probe thermograph installed adjacent to a private 
dock in the southwestern comer of the lake for both 1991 and 1992 (Figure 5).
Temporal distributions of daily mean water temperatures were plotted for 
between lake and year comparisons of distributions, initiation of spawning, 
observations of broods and end of growing seasons.
Degree days greater than 0 °C, 10° C and 20° C were computed for 
comparison between lakes and years. The number of degree days higher than base 
temperature x were calculated by the formula (Bowles 1985):
Where: D% = degree days > base temperature x,
Cj = mean temperature (C) on recording date i, 
i = sampling dates i=l to J, and 
di i+i = number of days between consecutive 
temperature sampling (i to i+1).
The number of degree days available for young of the year growth were also 
computed using the median spawning date as the initial sampling date (i).
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Pair-wise comparisons (t-tests) were made on degree days greater than 0“C, 
IC’C (total days and days available for young of the year growth), and 20 “C 
between lakes by year and between years by lake.
Cumulative degree days greater than 0° C, 10“ C, 20“ C were calculated 
and plotted against a time axis with distributions statistically tested for significant 
differences (Kolmogorov-Smimov test).
Thermal Profiles
Vertical thermal profiles were recorded monthly for the deepest portions of 
Seeley and Echo Lakes for 1991 and 1992. For Seeley Lake, profiles were done 
for both the south and north basins (Figure 4). Echo Lake readings were recorded 
for the deepest basin located at the western end of the lake (Figure 5). The data 
were plotted to show changes throughout the season and differences between lakes 
and years (Figures 29,30,31, Appendix A).
Water Chemistry
A Hydrolab™ unit was used to establish basic water chemistry parameters 
including pH, dissolved oxygen and conductivity. Water chemistry was sampled 
mid summer 1991 in both Seeley and Echo Lakes at thermal profile locations 
(Figures 4,5). The data were plotted for between lake and year comparisons
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(Figures 32,33, Appendix A).
Surface Water Levels
To monitor lake levels, staff gauges were installed at thermograph locations 
with readings recorded at each visit to the area. The data was normalized and 
relative water levels (meters) were plotted against time to determine water level 
fluctuations for comparison between lakes and years (Figure 34, Appendix A).
Nesting Success
Visual nest counts were conducted by boat on both lakes weekly during 
May, June and July. Number and activity related to nests were recorded to 
determine peak spawning period in relation to water temperatures. Because of 
poor visibility due to sediment, algae and vegetation, counts for Seeley Lake are 
not considered definitive counts but only indicators of when nesting activity was 
occurring.
Young-of-the-Year Sampling
Sampling for young of the year was conducted on both lakes at various 
locations every 1 -2  weeks following brood dispersal. Littoral zone habitat was 
sampled by shoreline seining as described by Reynolds and Simpson (1978). A
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standard 4.6 m x 1.8 m, 6.4 mm mesh bag seine was used and sites were selected 
according to abundance of young of the year bass. Shoreline electrofishing 
utilizing boom, backpack and snorkler electrofishing units was attempted but 
because of both size selectivity and inefficiency these methods were discontinued.
Total lengths (mm) were recorded for netted largemouth bass and 
abundance o f other species were noted. When possible, scales were taken from 
largemouth bass to assist in verification of the 0 and I age classes. Scales were 
embedded in acetate and projected on a microfiche reader at magnifications 
appropriate to the scale size. Age was determined by the number of complete 
annuli on the scale according to guidelines of Maraldo and MacCrimmon (1979).
Young o f the year length data were analyzed over the sampling season to 
determine differences between lakes and to correlate growth with water 
temperatures.
Changes in the lengths of age 0 bass by sampling periods were statistically 
compared to determine approximately when lengths between samples are 
consistent and signalling when growth slows in each lake (r-test).
Young of the year lengths over time were statistically compared using 
Mann-Whitney and Kolmogorov-Smimov tests to determine if growth differed 
between lakes and the years.
Length frequency histograms by sampling period were plotted to determine
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distribution of sizes and differentiate any bimodal growth within each lake. These 
plots were used to compare growth rates and patterns between Seeley and Echo 
Lakes.
Species Composition
In 1991, nighttime electrofishing of the littoral zone areas was completed 
for two nights on each lake. Estimates of fish per hour by species were plotted to 
show lake differences in species composition (Figure 35, Appendix A). Because 
of size selectivity and inefficiency this method was not repeated in 1992.
Cover Utilization and Littoral Zone Population Estimates
Snorkel transects as described by Hall and Werner (1977) of shoreline 
habitat were conducted throughout the field season to estimate largemouth bass 
use and abundance in the littoral zone. Each lake was divided into transects 
approximately 400 m long and 10 m wide (Figures 4,5). In 1992, transects of the 
Clearwater River were included however, due to high levels of sediment, algae and 
vegetation and the resultant poor visibility, only a few of those transects were 
sampled before discontinuing this area fi-om the sample set. The order o f sampling 
was determined by random numbers at the start of the field day. Whenever 
possible, the transects were replicated the following week by a different swimmer.
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During the 1992 field season, less emphasis was placed on the replication with 
more effort dedicated to sampling the maximum number of transects. Thus in 
1992, a larger percentage of the transects were sampled but with fewer 
replications.
Largemouth bass observations were recorded by size classes and by habitat 
types (vegetation, dock, woody debris and open). Data were recorded on a 
plexiglass slate as the swimmer observed fish. Time of day, time spent swimming 
and an ocular estimate of available habitat were recorded at the completion of the 
transect.
Estimates of available habitat were combined and extrapolated to get 
percentages of vegetation, dock, woody debris and open areas for each lake. To 
compare habitat between lakes percentages were plotted and a Mann-Whitney test 
was run to determine if the distributions of the habitats were statistically different 
between the lakes. Differences between habitat types were not statistically 
compared because they are dependent variables.
Density estimates of size classes by habitat type were adjusted by transect 
to account for differences in available habitat. Adjusted density estimates were 
calculated by:
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Pv Ptm Pd
Where; AD^ = adjusted density for that transect,
XvjXwdjXd = mean proportion of vegetation, woody debris or 
dock for the lake,
Pv>Pwd>Pd = proportion of vegetation, woody debris, or 
dock within the transect, and 
Nv,Nwd>Nd = number of fish in vegetation, woody debris or 
dock for that transect.
The adjusted density estimates for each transect were then summed to 
establish vegetation, dock and woody debris use as well as an overall population 
estimate for each lake. Using average transect areas per lake, those density 
estimates were then converted to fish per 100 m .̂ The adjusted estimates were 
statistically compared (f-test) to determine if fish densities by habitat type were 
different between lakes.
To compare the distributions of size classes by year and by habitat types, 
total counts were compared using a chi square contingency table. Contingency 
tables for size classes by year and by habitat types were analyzed to determine if 
the distribution of size classes and habitat use were statistically different within
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and between lakes. Because the sample sizes for largemouth bass use of woody 
debris were low in Seeley Lake, the counts for woody debris and docks were 
combined in the contingency table to complete the test.
Population estimates were calculated using the snorkel counts completed by 
each transect and extrapolating them for the littoral area of the entire lake (Turner 
and MacKay 1985). The formula used was:
Y = R*Z
Where: Y = population estimate,
T .y.R.
y; = number o f individuals in a transect, 
Zj = area o f transect i, and 
Z = total area under survey.
Means and variances of transect fish counts were plotted to compare 
between year and lake variability. Differences in transect counts between 
swimmers were compared to test the repeatability of the methodology.
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Artificial Structure Use
Largemouth bass use of submerged artificial structures was observed in mid 
August using S.C.U.B.A. In 1991, dives were focused on locating structures as 
well as levels or extent of use by largemouth bass. In 1992, dives were focused 
on transects of submerged structures. These transects were observed 3 times a day 
(morning, noon, late afternoon) for two days on each lake. The number and sizes 
of fish observed were recorded on a plexiglass slate during each dive.
Shallow water structures (floating logs) were installed in Seeley Lake in 
September 1991 by the Lolo National Forest and local Bass Masters club 
members. They were monitored with snorkel counts in late fall 1991 and through 
out the following summer (June - October 1992). Observations of number and 
sizes of largemouth bass were recorded for each structure. Transects were 
repeated throughout the field seasons.
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Figure 4. Snorkel transects, dive locations, thermograph locations and thermal 
profile sites for Seeley Lake, Montana.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
*
%
#
H
i
i
1 - 6 6  Snorkel T ra n sects  
Dive T ra n sec ts  
i f  Therm ograph S ite s
#  Therm al P rofile  S i te s
Figure 5. Snorkel transects, dive locations, thermograph locations and thermal 
profile sites for Echo Lake, Montana.
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RESULTS AND DISCUSSION
Water Temperature
Mean daily water temperatures remained below preferred levels (15.5“ C) 
necessary to initiate spawning until approximately 28 June 1991 and 5 June 1992 
in Seeley Lake and 15 May 1991 and 10 May 1992 in Echo Lake. The Echo Lake 
thermograph was installed on 16 May 1992 and the mean water temperature was 
16.5“C and May 10 is an extrapolation for the preferred temperature (Figures 6- 
11). However, because studies have documented spawning in northern climates at 
temperatures as low as 12“ C, it is assumed that western Montana bass populations 
could also spawn at temperatures lower than the preferred (Carlander 1977, Miller 
and Kramer 1971, Miller and Storck 1984, Mraz 1964, Scott and Crossman 1973). 
The first visual observations of nesting activity made during this study were 28 
June 1991 (14“C) and 23 June 1992 (21 “C) in Seeley Lake and 14 June 1991 
(17“C) and 18 May 1992 (21“C) in Echo Lake. Back calculations from first brood 
observations in Seeley Lake indicate that spawning was taking place earlier than 
actually observed. Because of physical conditions present in the lakes and timing 
of samples, visual observations are not considered an accurate representation of 
first nesting or nesting success but rather an indicator of noticeable spawning 
activity and peak periods of activity. Very few nests were ever observed in Seeley
30
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Lake. However some spawning activity and broods were observed in the 
Clearwater River (a shallow warm outlet to the lake) with peak nesting activity 
observed on 28 June 1991 and 23 June 1992 where water temperatures were 
recorded at 17.2"C and 20.5 “C respectively (Figure 9). Nest counts on Echo Lake 
indicated observed peak spawning occurred on 25 June 1991 with 42 nests active, 
and 18 May 1992 with a count o f 64 active nests.
Once nesting is initiated, sudden temperature fluctuations can reduce 
nesting success (Coûtant 1975, Heidinger 1975, Kramer and Smith 1962, 
Summerfelt 1975). Seeley Lake thermograph recordings indicate temperatures 
fluctuate throughout the growing season but are especially variable during the 
early spawning season for 1991 and 1992. These variations are evident in the 
surface water temperatures (Figures 7,8). Echo Lake thermograph recordings 
indicate a more gradual increase or decrease with little day to day variation 
(Figures 6,10,11). In 1991 and 1992 Echo Lake water temperatures dropped 
approximately 2-3 “C around June 15. This may have affected active nests in 
1991, but the drop in 1992 occurred after the peak spawning was complete. The 
difference between lakes in susceptibility to water temperature fluctuations may be 
a function of the difference in shapes. Seeley Lake is long, narrow and deep with a 
long fetch so any wind action on the lake is likely to stir up the littoral areas of the 
entire lake. Shape may also be why the Clearwater River appears to be a preferred
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spawning area for the Seeley Lake bass population. The outlet (River) is fed by 
the warmer lake epilimnion and resembles a shallow, narrow cove shielded from 
wind action thus offering warmer, more consistent temperatures in the spring 
(Figure 1). Echo Lake is a series of shallow, confined bays that are not subject to 
wind action occurring on the main part of the lake and thus warm faster and 
maintain more consistent temperatures throughout the season (Figure 2).
Optimal growth in young of the year largemouth bass occurs at water 
temperatures of 25° to 27.5° C (Coûtant 1975, Strawn 1961). Seeley Lake had 
maximum recorded mean water temperatures of 21 °C and 20°C for 1991 and 1992 
respectively (Figures 6,7,8). The Clearwater River had maximum temperatures of
24 °C in 1992 and maintained these warmer levels for approximately a month (data 
not available for 1991, Figure 9). It is important to note that the southern end of 
Seeley Lake and the Clearwater River had higher overall surface water 
temperatures than the northern end. Warmer temperatures correlate with the 
observation that the bulk o f the spawning and nursery areas for Seeley Lake bass 
were located in small bays in the southern end and in the Clearwater River outlet. 
Echo Lake had maximum recorded mean water temperatures of 24°C in 1991 and
25 °C in 1992. Although Echo Lake and the Clearwater River (Seeley Lake outlet) 
water temperatures are similar, neither lake reaches or maintains the temperatures 
required for optimal growth during the first season of bass life history. Kramer
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Figure 6. Overall 1991 and 1992 mean water temperatures for Seeley and Echo 
Lakes, Montana.
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Figure 10. Echo Lake 1991 mean water temperatures for all stations.
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Figure 11. Echo Lake 1992 mean water temperatures for all stations.
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and Smith (1962) demonstrated that total end of the season young of the year 
length in a Minnesota population was strongly related to accumulated temperature 
experience. Similar studies of northern smallmouth bass {Micropterns dolomieui) 
populations also show positive correlations between warmer growing season 
temperatures and year class strength (Clady 1975, Forney 1972, Fry and Watt 
1955, Sems 1982).
Growth in largemouth bass ceases when temperatures drop below 10°C and 
feeding diminishes causing metabolic rates to slow to a maintenance level only 
(Adams et al. 1982, Coûtant 1975, Johnson and Charlton 1960, McCauley and 
Kilgour 1990). Comparison of degree days greater than 0“C, 10°C and 20 “C 
indicates Echo Lake had significantly more degree days for 0° and 10“C than 
Seeley Lake for both 1991 and 1992 (Mest, P<=0.01, Figure 12). Because Seeley 
Lake had so few degree days greater than 20“C (2.4 for 1991 and 0.2 for 1992), 
this category could not be statistically compared. However the data indicates that 
Echo Lake had 191 and 181 degree days > 20°C in 1991 and 1992 respectively. 
Echo Lake maintained warmer temperatures for longer periods of time than 
Seeley, thus optimizing available growth periods for largemouth bass. Growth 
days available to young of the year largemouth bass were considered the number 
o f degree days greater than 10°C after the median spawning date. Once again, 
Echo Lake had significantly more young o f the year growth degree days than
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Seeley Lake in both 1991 and 1992 (Mest, P=0.01,Figure 12).
Degree day totals >10°C were 727 and 742 for 1991 and 1992 in Seeley 
Lake and 1464 and 1390 for 1991 and 1992 in Echo Lake. These data are 
consistent with degree day >10 “C found in north Idaho and eastern Washington 
systems where totals ranged from 905 to 2416 (Bowles 1985, Hatch 1991).
Within lake comparisons showed significant differences in degree days 
greater than 0° and 10® (days available for young of the year growth) for Seeley 
Lake but no significant differences in degree days between years for Echo Lake 
(Figure 13). These data indicate that Seeley Lake had more favorable conditions 
for young of the year growth in 1991 than in 1992. Echo Lake had similar growth 
conditions in both years.
Cumulative degree days for both lakes were also plotted and between lake 
by year comparisons indicated significantly different distributions between Seeley 
and Echo Lakes for both 1991 and 1992 (K-S test, P<=0.01, Figure 13). Within 
lake comparisons for distributions o f cumulative degree days indicated they were 
significantly different for degree days greater that 10° C for 1991 and 1992 in 
Seeley Lake and significant differences between distributions of degree days 
greater than 10° and 20° C for 1991 and 1992 in Echo Lake (K-S test, P=0.05). 
Overall cumulative degree day plots for Seeley and Echo Lakes indicate warmer 
water temperatures throughout the season in 1992, until the end of
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Table 2. Temperature characteristics for Seeley and Echo Lakes.
ggfiky.il S,fi,fi,lfiXi3, BfihP91 Echo92
Date Spawning Initiated
(>12*C) June 1 May 3 N/A N/A
Date Spawning Initiated
(>15.5'C) July 1 June 5 May 14 May 10
First Observation of Spawning Activity June 28 June 23 June 14 May 16
End of Growing Season
(< 1 0 'C) Oct 3 Oct 6 Oct 8 Oct 16
Maximum Surface Water
Temperature ('C) 21 20 24 25
Dates o f Thermograph Recordings
May 13- April 28- May 14- May 18
Oct 3 Nov 4 Oct 31 Oct 19
Degree Days >20 °C 2.4 0.2 191.3 182.5
Degree Days >10"C 727 742 1469 1390
Degree Days >10"C
(Available for YOY Growth) 727+ 680+ 1464 1390
Degree Days > 0“C 2192 2517 3145 2916
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Figure 12. Between lake comparisons o f degree days greater than 0“, 10°, 20° C 
for Seeley and Echo Lakes, 1991 and 1992. N/A indicates not enough data to 
statistically compare.
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Figure 13. Within lake comparisons o f degree days greater than 0 ,10 ,20 C for 
Seeley and Echo Lakes, 1991 and 1992. N/A indicates not enough data to 
statistically compare.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
3500
3000
* *
2500
2000
1500
1000
500
5-1 5-15 6-1 6-15 7-1 7-15 8*1 8-15 9-1 9-15 10-1 10-15 11-2
3500
3000
2500
2000
1500
**
1000
500
0
5-1 5-15 6-1 6-15 7-1 7-15 9-1 9-15 10-1 10-15 11-18-1 8-15
3500
3000
2500
2000
1500
1000
500
0
DD>20
5-15 6-1 6-15 7-1 7-15 8-1 8-15 9-1 9-15 10-1 10-15 11-1
-Seeley 1991 — Seeley 1992 — Echo 1991 — Echo 1992
Significantly different distributions between lakes by year
Figure 14. Cumulative degree days for Seeley and Echo Lakes, 1991 and 1992.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
45
September when the season ended with an abrupt temperature decline.
Sudden drops in autumn water temperatures may push largemouth bass into 
deeper water where mortality of age 0 fish is accelerated by increased exposure to 
predation with the greatest effects on the smallest young (Miranda and Hubbard 
1994). For both lakes in August 1992, a major front moved in with snow and cold 
temperatures. Sampling immediately after that cold snap indicated the bass had 
completely moved out of the shallows and into the deeper water. Although water 
temperatures warmed slightly for the next week, the fish did not move back into 
the littoral zones, so it is presumed that sudden drop in temperatures signalled the 
end o f the growing season. This may have had an effect on the strength of the 
resultant year class in both Seeley and Echo populations.
Water temperature differences and the resultant biological interactions 
between Seeley and Echo Lakes are summarized in Table 2.
Recruitment and Length Differences of Young of the Year Largemouth Bass
The importance o f body size and winter duration on winter survival and 
recruitment in northern populations has been shown for largemouth bass (Bowles 
1985, Hatch 1991, Toneys 1977, Toneys and Coble 1979), smallmouth bass 
(Shuter et al. 1980, Oliver et al. 1979), bluegill (Toneys and Coble 1979), white 
perch (Johnson and Evans 1990), yellow perch (Post and Evans 1989, Post and
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Prankevicius 1987), and brook trout (Hunt 1969).
Largemouth bass survival through the first winter is size dependent and 
successfiil recruitment and year class strength in northern populations is essentially 
determined by the growth o f age 0 fish (Aggus and Elliot 1975). Studies of 
northern Idaho and southern Ontario populations found that fish less than 50 mm 
in size at the end of the growing season do not survive overwinter (Bowles 1985, 
Keast 1984, Shirley 1975). Mean lengths at the end of the season were 47 mm for 
1991 and 1992 in Seeley Lake and 61 mm in 1991 and 70 mm in 1992 for Echo 
Lake. The majority of Seeley bass have a low probability of surviving the winter 
in both 1991 and 1992.
Young of the year largemouth bass were significantly smaller in Seeley 
Lake when compared with Echo Lake young of the year for both 1991 and 1992 
(Mann-Whitney, p=0.01). Echo lake maintains larger mean, minimum and 
maximum lengths of young of the year throughout the growing season (Figure 15). 
These length distributions of sampled young of the year were also significantly 
different between Seeley and Echo Lakes for both 1991 and 1992 (K-S, P=0.01). 
Larger sizes result in greater probability that Echo Lake young of the year will 
make it through the first winter, thus providing successful recruitment of the year 
class.
In northern climates, success of a population may depend on those young of
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the year that are the first off the nest and maintain the fastest growth (Shirley 
1975). In Ontario populations, spawning date had the greatest influence on the 
amount of growth attained, with early spawners achieving a greater mean length 
and weight than late spawners (Goodgame and Miranda 1993, Keast and Eadie 
1984, Miranda and Muncy 1987). Length frequency plots indicate that both 
Seeley and Echo Lakes have bimodal growth, growth depensation or "jumpers" in 
this first year class of largemouth bass (Figures 16-19). The advantage that the 
larger fish have in obtaining food, especially their ability to switch earlier to 
piscivorous behavior, amplifies the initial bimodality. These larger fish often are 
termed "jumpers" for their extremely rapid rate of growth relative to the average 
for the cohort (DeAngelis and Coûtant 1982). This is especially important in 
Seeley Lake where the growing season and number o f degree days available for 
growth are so few it becomes a competitive advantage to be first off the nest. The 
length frequency plots also indicate that a larger percentage of young of the year in 
Echo Lake maintain faster growth and larger sizes throughout the sampling period 
in comparison with Seeley Lake. Again, this gives Echo Lake young of the year 
an advantage over the Seeley Lake bass.
Within lake comparisons indicate several significantly different 
distributions of some samples from one period to the next (Figures 16-19). It 
should be noted that some of the sample sizes are very small and are shown for
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the next are indicated by * P=0.05, **P=0.01.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
S'
5
I
20
15
10
5
0
15
10
5
0
15
10
5
0
15
10
5
0
15
10
5
0
1 0 / 1 6 / 9 1
F 1 1 1 i I i 1 i I ! 1 Nf=13 i =
: - ! i ■i 1 : M m
1 3
d  jil
E i 9/23/91
:
F i E
f—
F
i N=26 E
i
1
------ 1------
E
F E
E * ★ E
E N = 15 E
t — .. 1 -....
i i "  1 î ! i !1 Q/ÜA/01 1 ! : ' 1 E
! ! ' 1 ! i E
-
. ; i ' ! : 1 N 4 = 5 E
; ------
i :
-- - - -
tt 14% /A4c/Wl
:
- =5 z
E
------ ■ M I
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Figure 18. Length frequency distributions o f young o f the year largemouth bass. 
Echo Lake, 1991. Significantly different distributions from one sample period to 
the next are indicated by * P=0.05, **P=O.OL
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
g
3cr
*
20
15
10
5
0
15
10
5
0
15
10
5
0
15
10
5
0
15
10
5
0
15
10
5
0
1O/^0/92r
Ë 1 1 ' : : ' i i i N=]|2 p
=.!..- ....i........J......1.. i 1, 1-
'
N.-.—L— JH.Z— ___' ljE : I i i ■ 1 1
/ n o i : ; ! !
% 1 »// « i E
E 1 N=17 E
z
1
1 ^ ^ l _ w J _ _ m'ltM— _ J E
r
j
---- -
!
---- ---- ,
! i E
E 4
a t
I*
E - ■ L N=14
B■B wi L. ■
!1
I------ I
tk 1 E
r   ̂ 1 Î
U/19/92
1 J3r— 1 j ! 1 
■ J - N=5l
pH
=1
: 1 ' ! . - i U A i k i  &L. : J — J
PI I
—11 1
—̂
i 1 '
-7/Î
4
8 / 9 2
r* . L : 1 i : %
N=29 E
i1----1Lmm kmum
!
------1------ E
rj 1 r 1— 7/2 ....... r .....1
E
u
' !
! 1 1— j ! 1 1 I ! N=18 E
t  ! 1 1_  _ g L M  1 ; L L . iza
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Figure 19. Length frequency distributions of young of the year largemouth bass. 
Echo Lake, 1992. Significantly different distributions from one sample period to 
the next are indicated by ♦ P=0.05, **P=0.01.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
display purposes only. These differences between samples are indications of 
growth and the increase in variance may be an indication of bimodal growth or 
differential spawning. Growth in both lakes appeared to continue through October 
in 1991 but slowed in September of 1992 correlating with the cold front described 
in the temperature discussion.
Littoral Habitat Utilization and Largemouth Bass Size Class Distributions
The ability to sustain largemouth bass populations in northern climates may 
depend on the extent of warm littoral areas and abundance of macrophytes for 
spawning and rearing. Maraldo and MacCrimmon (1981) found that in Ontario 
populations both juveniles and adults inhabited weeded littoral areas which offered 
the warmest water available. The size of the natural populations in those lakes 
were limited by the extent o f adequate warm weedy littoral areas. Previous studies 
have demonstrated positive relationships between largemouth bass year class 
abundance and presence of littoral zone aquatic plants (Bettoli et al. 1992, 
Durocher et al. 1984, Moxley and Langford 1985, Wiley et al. 1984).
Existing habitat composition was visually estimated and compared between 
the lakes. The distribution of available habitat for vegetation, dock, woody debris 
and open areas in Seeley Lake was not statistically different from that in Echo 
Lake (Mann-Whitney, Figure 20). Because habitat types are inter-dependent
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
variables, statistical comparisons of each habitat type between the lakes were not 
made. However, one notable difference was the presence of more cover provided 
by woody debris in Echo Lake than in Seeley Lake. Land ownership, physical 
shape and historic activities contribute to differences between lakes. Echo Lake 
shoreline is composed of a larger percentage o f state ownership and is allowed a 
more natural recruitment o f large woody debris. Also because Echo Lake is 
composed of a series of coves, wave action generally doesn't affect debris once it 
has entered the system. In contrast, Seeley Lake has a long fetch that moves debris 
throughout the system. Seeley Lake has also had notable levels of historic logging 
that removed potential woody debris along the shoreline and because of private 
development both potential and acting woody debris were never allowed to 
recover.
Habitat use by largemouth bass did differ between lakes. Fish density 
estimates were adjusted to represent the number o f fish present if all habitat types 
were in proportion to the mean for the entire lake. In other words, were there 
fewer fish counted in vegetation because there was a small percentage of 
vegetation present or because the fish were not present to occupy available habitat? 
The adjusted density estimate attempts to yield a more realistic littoral zone 
population estimate for both lakes. Adjusted density estimates for all habitat types 
combined and also by each habitat type were compared between lakes. The
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overall (all habitat types combined) adjusted density estimates of largemouth bass 
in Seeley Lake were 0.23 fish per lOOm  ̂in both 1991 and 1992. Echo Lake 
estimates were statistically higher than Seeley with adjusted density estimates of 
1.21 and 1.69 fish per 100 m  ̂for 1991 and 1992 respectively (Mest, P=0.01,
Figure 21). Adjusted density estimates were also statistically different between 
lakes for vegetation and woody debris use (Mest, P=0.01, Figure 22). Echo Lake 
has more fish available (larger population of bass) to occupy the existing habitat 
types when compared with Seeley Lake. Dock use was surprising similar between 
lakes. This is probably the result of larger size class bass in both lakes utilizing 
dock habitat whenever available, and is shown in more detail in chi square 
comparisons of habitat use by size classes.
Chi square contingency tables of size class by habitat type show significant 
differences in the interaction of fish size and habitat use for Seeley and Echo Lake 
(Tables 3-6, P=0.0005). Because fish counts of woody debris use were low for 
Seeley Lake, woody debris use was combined with dock use to run a valid chi 
square test. For both lakes and both years, chi square tests indicated statistically 
significant differences in use of habitat types by size classes of largemouth bass.
For both 1991 and 1992, vegetation use in Seeley Lake was dominated by 
the < 75  mm size class (68%, 62%) in contrast to more equal use by all size classes 
in Echo. Dock and woody debris habitat types were used by <75 mm and >251
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mm size classes for both Seeley and Echo Lakes. Most of the dock use by <75 
mm largemouth bass was in conjunction with brood activity and after dispersal, 
this size class shifted use to vegetation habitat.
More emphasis on the use of dock habitat by the largest fish was evident in 
both Seeley and Echo Lakes. Docks provide excellent cover and concealment 
opportunities for large fish. Helfman (1981) states "a fish hovering in shade is 
better able to see approaching objects and is simultaneously more difficult to see."
Table 7 indicates differences between observed and expected counts when 
comparing size classes with habitat types by lake and year. Largemouth bass in 
the larger size class (>251 mm) preferred docks and large woody debris. In 
contrast, size classes <75 mm, 76-125mm, and 126-250mm preferred vegetation 
and for the most part, stayed away from docks and woody debris avoiding areas 
occupied by potential predators. Deviations from that pattern include, fewer than 
expected 75-126mm size class in vegetation and more than expected in dock and 
woody debris in Seeley 1992 populations. Also in both 1991 and 1992, Seeley 
Lake populations had more 126-250 mm bass present in the dock and woody 
debris habitat than expected. These differences are because of small population 
sizes and missing year classes thus smaller size classes are occupying habitat 
normally dominated by the largest fish.
To illustrate the differences between fish counts by lake, overall mean
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Table 3. Chi square contingency tables for 1991 Seeley Lake snorkel counts, comparison 
of habitat types by size class distributions of largemouth bass. Because counts for use of 
the woody debris were low, they were combined with dock counts to test against the chi 
square distribution. (Numbers in parentheses adjacent to dock and woody debris counts 
represent the actual counts for each habitat type).
Observed
Vegetation Dock Woody Debris Totals
<75 mm 245 (68%) 157(127) (76%) (30) (48%) 402
76-125 mm 29 (8%) 8(3) (2%) (5) (8%) 37
126-250 mm 20 (6%) 7(3) (2%) (4) (6%) 27
>251 mm 67 (18%) 59(35) (20%) (24) (38%) 126
Totals 361 231(168) (63) 592
%2= 9.76, df= 3 ,0.025<P<0.05
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Table 4. Chi square contingency tables for 1992 Seeley Lake snorkel counts, comparison 
of habitat type use by size class distributions of largemouth bass. Because the counts for 
use of woody debris were low, they were combined with dock use to test against the chi 
square distribution. (Numbers in parenthesis adjacent to dock and woody debris counts 
represent the actual counts for each habitat type).
Observed
Vegetation Dock Woody Debris Totals
<75 mm 171 (62%) 21(21) (36%) (0) (0%) 192
76-125 mm 38 (14%) 15(14) (24%) (1) (9%) 53
126-250 mm 22 (8%) 3(3) (5%) (0) (0%) 25
>251 mm 45 (16%) 31(21) (35%) (10) (91%) 76
Totals 276 70(59) (11) 346
x2=33.31,df=3,P<0.0005.
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Table 5. Chi square contingency tables for 1991 Echo Lake snorkel counts, comparison 
of habitat type use by size class distributions of largemouth bass.
Observed
Vegetation Dock Woody Debris Totals
<75 mm 364 (25%) 15 (8%) 96 (15%) 475
76-125 mm 442 (31%) 28 (15%) 109 (18%) 579
126-250 mm 457 (32%) 51 (27%) 159 (26%) 667
>251 mm 165 (12%0 92 (50%) 257 (41%) 514
Totals 1428 186 621 2235
x2 = 311.5,df=6, P<0.0005.
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Table 6. Chi square contingency table for 1992 Echo Lake snorkel counts, comparison of 
habitat type use by size class distributions of largemouth bass.
Observed
Vegetation Dock Woody Debris Totals
<75 mm 1046 (36%) 55 (12%) 423 (33%) 1524
76-125 mm 879 (30%) 125 (27%) 354 (27%) 1358
126-250 mm 711 (25%) 88 (19%) 202 (16%) 1001
>251 mm 261 (9%) 199 (42%) 321 (24%) 781
Totals 2897 467 1300 4664
X 2 -451.5, df = 6, P<0.0005
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Table 7. Differences in observed and expected counts for largemouth bass size 
class by habitat type chi square comparisons in Seeley and Echo Lakes, 1991 and 
1992 (+ indicates more fish observed than expected, - indicates fewer fish 
observed than expected, and = indicates same number of fish observed as 
expected). Woody debris and dock counts were combined for Seeley Lake due to 
low sample numbers thus those differences are not available ( N/A).
Vegetation Dock Use Woodv Debris
<75mm Seeley 91 — N/A
Seeley 92 + - N/A
Echo 91 + - -
Echo 92 + - —
76125m m  Seeley 91 + . N/A
Seeley 92 - + N/A
Echo 91 + - -
Echo 92 + - -
126-250mm Seeley 91 + N/A
Seeley 92 - + N/A
Echo 91 - -
Echo 92 + - -
>251 mm Seeley 91 + N/A
Seeley 92 - + N/A
Echo 91 - + +
Echo 92 - + +
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counts by size class and habitat use were computed (Figure 23), In all size classes 
more fish were sampled in Echo Lake for both 1991 and 1992. All sizes of 
largemouth bass show preference for vegetation and woody debris habitat. Seeley 
Lake fish show higher preference levels for vegetation and dock than Echo Lake, 
probably due to the limited amount of woody debris present in the system.
Size Class Distributions and Population Estimates
To compare largemouth bass size class distributions between lakes, chi 
square contingency tables were constructed on size classes by year (Tables 8,9). 
Echo Lake had significantly different distributions fi*om Seeley for size classes 
observed in both 1991 and 1992 (Chi Square, P=0.0005). Percentages show more 
equal distributions of largemouth bass in Echo Lake, Seeley Lake had larger 
percentages of the smallest (<75 mm) and the largest (>251 mm) size classes, 
however very few fish were observed in the middle size classes. This indicates 
that Seeley Lake can produce young of the year, however it seldom has successful 
recruitment and thus there are missing year classes in this population.
Within lake comparisons also indicate significant differences in size class 
distributions between years (Tables 10,11). Seeley and Echo Lake snorkel counts 
were significantly different distributions between 1991 and 1992 (chi square, 
P=0.01, P=0.0005). Percentages show emphasis on largest and smallest size
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Figure 23. Mean snorkel counts by size class and habitat use for Seeley and Echo 
Lakes, 1991 and 1992.
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Table 8. Chi square contingency table for Echo and Seeley Lake snorkel counts, 
comparison o f size class distribution differences between lakes for 1991.
Observed
Echo Lake 1991 Seeley Lake 1991 Totals
<75 mm 475 (21%) 302 (61%) 777
76-125 mm 579 (26%) 37 (894) 616 -
126-250 mm 667 (30%) 27 (6%) 694
>251 mm 514 (23%) 126 (25%) 640
Totals 2235 492 2727
x2 = 383.1,df=3,P<.0005
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Table 9. Chi square contingency table for Echo and Seeley Lakes snorkel counts, 
comparison of size class distribution differences between lakes for 1992.
Observed
Echo Lake 1992 Seeley Lake 1992 Totals
<75 mm 1524 (33%) 192 (56%) 1716
76-125 mm 1358 (29%) 52 (15%) 1410
126-250 mm 1001 (21%) 25 (7%) 1026
>251 mm 781 (17%) 76 (22%) 857
Totals 4664 345 5009
x2 = 108.8, df=3,P<0.0005.
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Table 10. Chi square contingency table for within lake comparisons of Seeley 
Lake snorkel counts for 1991 and 1992.
Observed
Seeley Lake 1991 Seeley Lake 1992 Totals
<75 mm 302 (61%) 192 (56%) 494
76-125 mm 37 (8%) 52 (15%) 89
126-250 mm 27 (5%) 25 (794) 52
>251 mm 126 (26%) 76 (22%) 202
Totals 492 345 837
x2=12.2 , df=3,P<0.01
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Table 11. Chi square contingency table for within lake comparisons of Echo Lake 
snorkel counts for 1991 and 1992.
Observed
Echo 1991 Echo 1992 Totals
<75 mm 475 (21%) 1524 (33%) 1999
76-125 mm 579 (26%) 1358 (29%) 1937
126-250 mm 667 (30%) 1001 (21%) 1668
>251 mm 514 (23%) 781 (17%) 1295
Totals 2235 4664 6899
%2 = 149, d f= 3 , P<0.0005.
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classes in Seeley Lake, again showing the missing year classes in this population. 
Echo Lake maintains an even distribution of size classes.
Overall largemouth bass population estimates for the lakes were 
extrapolated using snorkel counts. In 1991, population estimates for Seeley and 
Echo Lakes were 331 and 2561 fish respectively. In 1992, Seeley Lake estimate 
was 374 fish (398 if  combined with the Clearwater River) and Echo Lake estimate 
was 4282 fish (Figure 24). These population estimates are based on the snorkel 
counts of bass in the littoral zones and may be biased due to samplers. The actual 
estimates are not as important as the magnitude of difference in largemouth bass 
numbers between Seeley and Echo populations.
Comparison of Replicated Snorkel Transects and Repeatability of Snorkeling 
Methodology
Observation o f fi-eshwater fish utilizing SCUBA and snorkeling techniques 
has become common (Heilman 1989) and is regarded as accurate and precise 
(Keast and Marker 1977, Northcote and Wilkie 1963, Schill and Griffith 1984, 
Zubick and Fraley 1988). However problems identified with this method include, 
varying visibility, difficulty in identifying boundaries of census strip, counting the 
same animal twice and repeatability of results (Keast and Marker 1977).
In an effort to address the reliability of the snorkel survey methodology,
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Figure 24. Population estimates from snorkel counts expanded to the entire 
shoreline for largemouth bass in Seeley and Echo Lakes.
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replicated transects were compared. Different swimmers completed transects in 
1991 and 1992 and different transects were completed and replicated for each field 
season. Less emphasis on replication in 1992 resulted in more overall transects 
sampled with less replicates.
Seeley Lake did not have consistent differences between 1991 and 1992 for 
those transects repeated. Transects with the largest counts of fish (#9,14,30,33) 
occurred in identified largemouth bass rearing areas or counts where the sampler 
encountered a brood, thus raising numbers considerably. Most of the other 
transects had so few fish that the variance between counts is very low (Figure 25).
Echo Lake counts were more variable. This is the result of both larger 
populations (more fish to count) and more available rearing areas in contrast to 
Seeley Lake where fish were confined to a few desirable locations. Of those 
transects sampled in both 1991 and 1992, (#5,9,14,15,23,30,32,43,44,47,53,60,64), 
most of them had consistently higher counts in 1992 than in 1991 (Figure 26). This 
could be a result of two things, a successful year class in 1992 or a difference in 
samplers or sampling conditions from year to year. Referring to the chi square 
tables (Table 11), counts are consistently higher in 1992 for all size classes. 
Percentages identify more <75 mm fish in 1992, but indicate an even distribution 
in size classes. This appears to support the hypothesis that there may be more 
difference due to samplers, than to actual differences in numbers of fish for Echo
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1991 versus 1992 populations.
To examine the difference between samplers, snorkel counts for replicate 
transects were plotted against each other (Figures 27,28). For 1991 and 1992, the 
most variability between samplers occurred in Echo Lake. Again, this is probably 
a result of higher populations making it easier to either count fish more than once 
or allow movement between consistent habitats, in contrast to Seeley Lake where 
low numbers of fish are confined to a few areas. In 1991, Matt counted more fish 
61% of the time in Seeley Lake (N=23) and 54% of the time in Echo Lake (N=28). 
During the 1992 field season, Merilee counted more fish 40% of the time in Seeley 
Lake (very small sample size, N=6) and 74% of the time in Echo Lake (N=19). 
Differences between samplers are not great enough in most cases to affect overall 
population estimates and size class distribution comparisons. The exception would 
be the counts for Echo Lake in 1992. Samplers differences were large enough in 
50% of the replicated transects to affect extrapolation to the entire shoreline. This 
sampler bias is reflected in the difference between population estimates for 1991 
and 1992 in Echo Lake (Figure 24). The estimate for 1992 is probably higher than 
what would be representative of the actual population.
Even with sampler biases, snorkeling was the most effective means of 
sampling for these largemouth bass populations. McClendon and Rabeni (1986) 
found that in comparisons with electrofishing, underwater observation of
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centrarchid species was the more accurate technique, producing length frequencies 
more typical of a catch curve.
Artificial Structure Use
Studies indicate that the addition of artificial structure promotes adult 
growth and reduces predation on juvenile bass (Wege and Anderson 1979). These 
structures provide sites for spawning, resting, refuge, concealment, feeding and 
ambushing prey (Prince and Maughan 1979). Evaluation of artificial structures in 
Seeley and Echo lakes indicate low overall use by largemouth bass populations.
Artifical structures in Seeley and Echo Lakes consist of several different 
forms. Fully submerged structures include log cribs, Christmas tree, brush bundle 
and pallets. Log crib structures are made of several large logs constructed in a 
cabin formation with Christmas trees attached for additional cover. Christmas tree, 
brush bundles, and pallets are composed of several structures attached to weights 
and fully submerged. Seeley Lake also has floating log structures that consist of 
large logs anchored to the bank of a shallow bay. Weights are attached to the 
floating end to hold the tree in place and allow them to mimic a naturally fallen 
tree.
The mean numbers of fish per artificial structure were not statistically 
compared due to variations between lakes in types and numbers of existing
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underwater structures. In Seeley Lake, most fish were observed on underwater log 
crib structures in 1991, however numbers are still very low. Overall means for 
1991 and 1992 counts were 0.50 and 0.23 fish per structure respectively.
Structures were at depths of approximately 1.5-4.5 m with temperatures ranging 
from 20.0-21.7°C. Depth and temperature measurements were taken in 1992, data 
are not available for 1991. Floating structures were installed in September 1991. 
Mean number o f fish per structure was 0,24 for 1991 and 1.16 for 1992. The 
difference between years could be a result of the late fall installation; in September 
1991 fewer fish were looking for cover and thus the structures were not discovered 
and utilized until the 1992 season. This type of large woody debris was favored by 
the larger size fish (>251 mm) with a 0.96 mean number of fish per structure for 
this size class alone (Table 12). Large woody debris is the component missing 
from Seeley and it is evident when provided, large fish immediately utilized the 
structures. Use of pallet and Christmas tree structures was almost negligible in 
1991 for Seeley Lake (% = 0.17, 0 respectively). Estimated depths of these 
structures are 4.5-6.0 m and while no temperatures were recorded, these water 
temperatures were noticeably colder, and the structures were below the existing 
aquatic vegetation. Low use was due to both low numbers of fish available to use 
them and less desirable conditions with colder, deeper water and no adjoining 
vegetation cover.
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Echo Lake had more use of the Christmas tree and log structures in 1992 
than 1991. Mean number of fish per structure was 1.63 in 1991 and 4.40 in 1992. 
Most o f that difference came from use by <75 mm largemouth bass that increased 
from 1.10 fish per structure in 1991 to 2.86 fish per structure in 1992. This 
increase is probably a result of both a good year class of young of the year in 1992 
and a lower water year where these structures were shallower, warmer and more 
accessible to the smaller fish. Depths of these structures range from 1.5 to 4.5 m 
with temperatures from 22.2-23.3 “C. Brush bundle structure use in 1991 was 2.50 
fish per structure, however sample size was very small and may not accurately 
represent use (Table 13).
Overall, structures in Seeley Lake are used very little by largemouth bass. 
This is due to the low population numbers in general and the depth and 
temperatures of the structures. Echo Lake structures are used more by all age 
classes. Howevo" use is still not as high as that in existing natural vegetation and 
littoral zone habitats. Use during the winter may increase once the fish move out 
of the littoral areas and there is a need for cover to avoid predation during the 
overwintering period.
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Table 12. Artificial structure use for 1991 and 1992 Seeley Lake SCUBA sampling. 
1991 Log Crib Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 1 12 0.08
76-250 mm 0 12 0
>251 mm 5 12 0.42
1992 Log Crib Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 0 90 0
76-250 mm 1 90 0.01
>251 mm 20 90 0.22
1991 Floating Log Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 1 29 0.03
76-250 mm 0 29 0
>251 mm 6 29 0.24
1992 Floating Log Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 7 50 0.14
76-250 mm 3 50 0.96
>251 mm 48 50 0.96
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Table 12 (cont). Structure use of Seeley Lake for 1991 and 1992 SCUBA, sampling. 
1991 Pallet Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 2 12 0.17
76-250 mm 0 12 0
>251 mm 0 12 0
1991 Christmas Tree Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
< 75 mm 0 4 0
76-250 mm 0 4 0
>251 mm 0 4 0
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Table 13. Artificial structure use in Echo Lake for 1991 and 1992 SCUBA 
sampling.
1991 Brush/Bundle Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Fish Per 
Structure
<75 mm 3 4 0.75
76-250 mm 3 4 0.75
>251 mm 4 4 1.00
1991 Christmas Tree Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Fish per 
Structure
<75 mm 68 62 1.10
76-250 mm 19 62 0.31
>251 mm 14 62 0.23
1992 Christmas Tree and Submerged Log Crib Structure Use
Size Class Number of Fish Number of
Structures
Observed
Mean Number of 
Fish Per Structure
<75 mm 263 92 2.86
76-250 mm 74 92 0.80
>251 mm 68 92 0.74
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CONCLUSIONS 
Limiting Factors for Largemouth Bass Populations
There are distinct differences in environmental, physical and biological 
conditions between Seeley and Echo Lake.
Seeley Lake has colder and more variable water temperatures during 
spawning and summer growing seasons. Degree days > 0", 10° (total and days 
available for young of the year growth) and 20° C were significantly fewer in 
Seeley than Echo Lake. Because of temperature differences, Seeley Lake bass 
initiate spawning later, have a higher risk of nest abandonment, maintain longer 
incubation periods and produce bimodal size classes of age 0 largemouth bass. 
Shorter growing seasons decrease the chance that the young of the year largemouth 
bass will grow large enough to survive the first winter. Overwinter mortality due 
to short growing seasons has been documented as one of the largest factors for 
limited largemouth bass recruitment in northern climate populations. Studies have 
shown that fish <50 mm at the end of the growing season will not survive to the 
following spring (Bowles 1985, Hatch 1991). In comparison to Echo Lake, Seeley 
Lake had significantly smaller young of the year largemouth bass throughout the 
growing seasons in 1991 and 1992. This is especially evident in the mean lengths 
at the end o f the season where Seeley Lake bass are 47 mm in 1991 and 47 mm in 
1992 and Echo Lake is 71 mm and 60 mm, for 1991 and 1992 respectively.
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Snorkel samples show significantly fewer fish present in Seeley Lake than 
Echo Lake. Adjusted density estimates and extrapolated population estimates are 
significantly smaller in Seeley than Echo Lake. Estimates of habitat utilization by 
largemouth bass indicate that there is no difference in available habitat but there 
are significantly fewer fish occupying vegetation and woody debris habitats in 
Seeley Lake. Size classes smaller than expected occupy dock and woody debris in 
Seeley Lake indicating that they are filling the space because there aren't enough 
larger fish (>251 mm) to out compete them for the preferred habitat. This is the 
result of the low population numbers and missing size classes in Seeley Lake.
Dock habitat provides excellent concealment and feeding opportunities and total 
number o f fish using this habitat is similar between lakes.
Comparisons o f size class distributions indicate that Echo Lake has uniform 
proportions while Seeley Lake maintains very few fish in the 76-250 mm size 
range. Missing size classes support the hypothesis of elevated levels of overwinter 
mortality due to late spawning and a short growing season. This is consistent with 
other slow growing largemouth bass populations in the northern portion of the 
species range (Bennett et al. 1991).
Available submerged artificial structure numbers do not appear to be 
limiting factors with summer use low for both lakes. Number of fish utilizing 
structures in Seeley Lake was much lower than in Echo Lake.
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Management Recommendations
Climatic conditions in Seeley Lake constrain management of largemouth 
bass populations. Cold water temperatures limit reproduction, growth and 
recruitment and result in successful year classes only every 2-5 years. 
Recommended action would be to manage for species that have adapted to colder 
water regimes.
If  management for largemouth bass in Seeley Lake is the long term goal, 
then careful consideration of young of the year recruitment should be addressed. If 
stocking continues, fiy should be planted at larger sizes to increase the probability 
that they will make it through the winter. This could be accomplished by holding 
them in a pond or hatchery environment until sizes and conditions for stocking are 
maximal. This technique had been successful in Arkansas (Filipek and Gibson 
1986) and Colorado (Krieger and Puttnam 1986) populations.
In slow growing populations, protection of large fish is necessary to provide 
successful recruitment. Fishing seasons and tournament activities should be 
restricted until after spawning and brood dispersal. In Seeley Lake that could be as 
late as mid July to 1 August. This would enable the males to continue guarding 
the eggs and fiy and reduce predation on that year class. Bennett et al. (1991) cited 
protection of adult fish during spawning and brood periods as one of the most 
important management considerations for largemouth bass populaticxis in the
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northwestern United States.
Although the prey base seems adequate for largemouth bass, it should be 
examined for fish sizes small enough to enable the age 0 largemouth bass to switch 
to a piscivorous diet in late summer. This transition is necessary to maximize 
young of the year growth.
If  more artificial structures are proposed for Seeley Lake, additional winter 
use sampling should be conducted. Current levels of summer use do not warrant 
any additional underwater structures. However, the response to the floating log 
structures was good and any added woody debris in Seeley Lake would be utilized.
Echo Lake environmental conditions are more favorable for largemouth 
bass production. The current population will continue to produce viable year 
classes and maintain successful recruitment. Current restrictions limit angling to 
catch and release from 15 May to 30 June, with one fish greater than 22 inches 
allowed harvested per angler. These restrictions are benefiting the population by 
allowing the males to continue guarding the nest and brood until dispersal. The 
presence of males reduces egg and fiy mortality. While there may be some late 
spawners that are not protected, the majority of the year class are benefiting.
Summer use of artificial structures in Echo is higher than what occurs in 
Seeley Lake. Overall means are still relatively low, with the majority of the use 
centered on the Christmas tree bundles. The increased presence of age 0 and 1 fish
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during a low water year indicates a preference for shallow water structure. If more 
artificial structure is proposed for Echo Lake the shallow water type would be 
recommended. Winter use of structure should also be examined to determine 
utilization levels and the importance of structure during this life history stage.
If  both lakes continue to be managed for largemouth bass, monitoring of 
overwinter mortality should continue. This could be accomplished by shoreline 
seining in September and then repeating it in May the following year. Estimates of 
overwinter survival could be made by comparing the number o f < 75 mm size 
class bass still present after the first season. Recruitment success would be an 
indication o f overall population strengths in both systems.
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Figure 29. Water Temperature profiles - Seeley Lake 1991.
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Figure 31. Water temperature profiles - Echo Lake 1991,1992.
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Figure 32. Water chemistry parameters for Seeley Lake - October 1991.
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Figure 33. Water chemistry parameters for Echo Lake - October 1991.
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Figure 34. Water level changes for Seeley and Echo Lakes - 1991,1992.
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Figure 35. Species composition for 1991 electrofishing of littoral areas of Seeley 
and Echo Lakes.
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